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CROSS-REFERENCE TO RELATED APPLICATION 
This application claims priority from U.S. Provisional application 
number 60/292,667 filed on May 22, 2001 and entitied METHOD FOR 
COMPENSATING FOR ROTATIONAL SPEED VARIATIONS IN 
ROTATING RECORDING SYSTEMS. 

FIELD OF THE INVENTION 
The present invention relates to disc drive storage devices. In 
particular, the present invention relates to data layouts on discs in disc 
drives. 

BACKGROUND OF THE INVENTION 
In disc drive data storage devices, data is stored in tracks on a 
disc. In many systems, the data is stored in blocks on the track to allow 
for localized error detection and correction during reading. Typically, 
the blocks of data are grouped into sectors that are marked by a 
reference mark and/ or a servo-positioning field. In many systems, the 
individual blocks within a sector do not include an address field and 
tiius cannot be distinguished from other blocks except by their distance 
from the reference mark. To access a block, such systems initiate a timer 
when the reference mark is detected. When the timer expires, the read or 
write head is assumed to be over the desired block. 

One problem with this indirect addressing scheme is that 
variations in the rotational speed of the disc and variations in the 
processing time required to identify the reference mark can cause 
inadequate correlation between the timer and the actual position of the 
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head. Thus, the timer may expire before the head reaches the block or 
may expire after the head has already passed the begimiing of the block. 

To avoid having one data section written onto another data 
section, empty buffer fields known as spin pads are inserted between the 
5 data sections. In the past, the spin pads were a fixed size, such that each 
spin pad along a track had the same length. However, these fixed-length 
spin pads take up space that could otherwise be used to store data and as 
such, are an obstacle to increasing data capacity in a disc drive. 

The present invention provides a solution to this and other 
10 problems, and offers other advantages over the prior art. 

SUMMARY OF THE INVENTION 
A data storage device includes a track layout having three data 
sections. A first spin pad having a first length is located between a first 
and second data section. A second spin pad having a length that is 
1 5 different from the first length is located between the second data section 
and a third data section. A method for determining the lengths of the 
spin pads is also provided. 

These and various other features as well as advantages which 
characterize embodiments of the present invention will be apparent 
20 upon reading the following detailed description and review of the 
associated drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is an isometric view of a disc drive in which embodiments 
of the present invention may be practiced. 
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FIG. 2 is a spatial layout showing the position of information read 
from a track under the prior art under nominal, most distant,, and least 
distant conditions. 

FIG. 3 provides a spatial layout showing the position of 
5 information read from a track under embodiments of the present 
invention under nominal, most distant, and least distant conditions. 

FIG. 4 provides a flow diagram for determining the length of a 
spin pad under embodiments of the present invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 
FIG. 1 is an isometric view of a disc drive 100 in which 
embodiments of the present invention are useful. Disc drive 100 includes a 
housing with a base 102 and a top cover (not shown). Disc drive 100 
further includes a disc pack 106, which is mounted on a spindle 109 by a 
disc clamp 108. Disc pack 106 includes a plurality of individual discs, 
which are co-rotated about spindle 109 by a spindle motor (not shown) 
attached to the bottom of spindle 109. Each disc surface has an associated 
disc head slider 110 which is mounted to disc drive 100 for communication 
with the disc surface. As the disc pack is rotated, it generates air 
circulation through the drive and in particular generates an air bearing 
between each head slider 110 and each disc surface. 

In the example shown in FIG. 1, sliders 110 are supported by 
suspensions 112 which are in turn attached to track accessing arms 114 of 
an actuator 116. The actuator shown in FIG. 1 is of the type known as a 
rotary moving coil actuator and includes a voice coil motor (VCM), shown 
generally at 118. Voice coil motor 118 rotates actuator 116 with its attached 
heads 110 about a pivot shaft 120 to position heads 110 over a desired data 
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track along an arcuate path 122 between a disc inner diameter 124 and a 
disc outer diameter 126. Voice coil motor 118 is driven by servo electronics 
130 based on signals generated by heads 110 and a host computer (not 
shown). 

5 FIG, 2 provides a spatial layout showing the relative location of 

information read from a track having a track layout of the prior art. In 
particular, FIG. 2 provides three cases: a nominal case 200, a most 
distant case 250, and an least distant case 260. In each case, the same 
information is read from the track. The only difference between the 
S 10 three cases is the location of that information. Because of this, the 

content of the layout is only described below for nominal case 200. 
H In nominal case 200, the information begins with the detection of a 

JJ reference mark 202 followed by a pre-data block area 204. Pre-data block 

' " 204 can be empty or can include information such as servo positioning 

C 15 information. 

H The information layout also includes a set of data blocks 206, 208, 

ti 210 and 214 and a set of gaps 216, 218, 220, 222 and 224. Data blocks 206, 

208, 210, 212 and 214 contain data, and gaps 216, 218, 220, 222 and 224 
provide empty regions between the data blocks that allow data from one 
20 block to be fully processed before data is read from the next block. Note 
that the gaps are not required in all systems and are only provided here 
for the sake of completeness. However, when the gaps are required by a 
system, the size of the gaps must be maintained. As such, the gaps 
cannot be overwritten with data from a neighboring block. 
25 A data block and its following gap together form a data section. 

For systems that do not use gaps, the data block alone forms a data 
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section. For example, in a system that did not use gaps, data block 206 
would form a data section but in a system that used gaps, data block 206 
and gap 216 would form a data section. 

The information layout of the prior art also includes four spin 
5 pads 230, 232, 234 and 236 each located between a pair of data sections. 
Under the prior art, all of the spin pads have the same length and 
therefore have the same nominal time spans 270, 272, 274, and 276 in 
FIG. 2. Note that although only one data section is shown between each 
pair of spin pads, the invention is not limited to this and more than one 

1 0 data section may appear between each spin pad. 

As noted in the background, the spin pads are provided to ensure 
that under a worst case scenario, two data sections are not written over 
each other. In FIG. 2, the worst case scenario is represented through the 
combination of data written most distant from timing reference in case 

15 250 and data written least distant in case 260. Most distant case 250 

shows the location of the information when the detection of the reference 
mark is delayed and the head is moving rapidly over the media. In this 
case, at a given time after detecting reference, the head will be displaced 
furthest from the reference mark compared to the nominal case. Least 

20 distant case 260 shows the location of information with a earlier than 
normal detection of the reference mark and a slow moving head, 
resulting the head being closer to the reference mark than the nominal 
case at any given time after reference mark detection. 

Under the prior art system of FIG. 2, the length of the spin pads 

25 230, 232, 234 and 236 are selected to ensure that data block 262 of least 
distant case 260 will not be written over gap block 252 of most distant 
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case 250. With the spin pads of the prior art properly determined, gap 
section 252 of most distant case 250 will end at the beginning of data 
block 262 of least distant case 260. This alignment is shown as occurring 
at alignment mark 280 of FIG. 2. 
5 Although the prior art is effective at preventing data block 262 

from overwriting gap 252, it uses space inefficiently because it uses a 
fixed size for all of the spin pads. Under the present invention, spin pads 
have variable lengths that are chosen to prevent overwrite while 
ensuring efficient use of the space on the disc. 

10 FIG. 3 shows three cases for information read from a disc that 

contains variable length spin pads of the present invention. In 
particular, case 300 provides a nominal positioning, case 302 provides a 
most distant positioning, and case 304 provides a least distant 
positioning. By comparing case 302 to case 304, the worst case location 

15 combination can be seen. 

In the positioning cases of FIG. 3, the pre-data block, the data 
blocks, and the gaps are the same as the similarly named sections in FIG. 
2. What is different in the positioning diagram of FIG. 3 is that the sizes 
of spin pads 306, 308, 310 and 312 are all different from each other and 

20 are generally shorter than the fixed sizes of the spin pads of FIG. 2. In 
addition, as is evident from lengths 350, 352, 356, and 358 of spin pads 
306, 308, 310 and 312, respectively, the lengths of the spin pads increase 
as the distance between the spin pads and the reference mark increases. 
Thus, the length of spin pad 308 is greater than the length of spin pad 

25 306 and the length of spin pad 310 is greater than the length of spin pad 
308. 
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FIG. 4 provides a flow diagram of a method of determining the 
lengths of the spin pads under embodiments of the present invention. In 
step 400 of FIG. 4, the first spin pad is selected. At step 402, the nominal 
time needed to reach the selected spin pad from the reference mark is 
5 calculated. This nominal time is used in step 404 to determine the 
desired nominal time span for the spin pad. 

The calculation performed in step 404 is based on the worst case 
scenario represented by the combination of most distant positioning case 
302 and least distant positioning case 304 of FIG. 3. In particular, the 

10 nominal length of a spin pad is calculated so that when the spin pad 
appears in most distant case 302 and least distant case 304 the end of a 
data section in most distant case 302 will be aligned with the beginning 
of a next data section in early case 304. For example, under the present 
invention, the nominal length of spin pad 306 is calculated so that the 

15 end of gap 360 of most distant positioning case 302 is aligned with the 
beginning of data block 362 of least distant positioning case 304. This 
represents the smallest length for the spin pad that will still prevent data 
overwriting. 

To determine the nominal length for the spin pad, the time span 
20 needed to reach the point where the end of the data section in the most 
distant case aligns with the begirming of the data section in the least 
distant case is determined for both the most and least distant cases. For 
example, for the most distant positioning case, the amount of time 
needed to reach the end of gap 360 in most distant positioning case 302 is 
25 calculated as: 

TIMEaAP =Ri-^kj [PB + + Gl) EQ. 1 
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where Ri is the maximum amount of delay from nominal that can be 
expected in identifying the reference mark; PB, PI and Gl are the 
nominal times needed to read pre-data block 370, data block 372, and 
gap 374; and ki is a time multiplier that provides a factor corresponding 
to the extra time associated with reading each section due to the head 
moving faster than nominal over the medium. Thus, ki should be based 
on the fastest expected speed for the head. 

Similarly, the time needed to reach the beginning of data block 
362 in least distant positioning case 360 can be calculated as: 

TIME^^ocK = -K + K (PB + 51 + Gl + Si) EQ. 2 

where Re is the maximum time that can be saved if the reference mark is 
processed faster than nominal; PB, Bl, Gl and SI are nominal amounts of 
time associated with reading pre-data block 370, data block 372, gap 374 
and spin pad 306; and ke is a timing multiplier that provides a factor 
corresponding to the head moving over the disc at a speed that is slower 
than nominal. 

To determine time span SI, equations 1 and 2 are set equal to each 
other and the resulting equation is solved for SI producing: 

Sl = ^L±li-+^^L-^{PB + Bl + Gl) EQ.3 

Equation 3 can be generalized with the recognition that the values 
in the parenthesis of equation 3 represent the nominal time needed to 
reach the beginning of spin pad SI from the reference mark. Thus, 
equation 3 can be generalized for any spin pad as: 

S^=-L—^ + -l—^{Tj EQ.4 

K K 
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where Sx is the nominal time span for the xth spin pad, and Tx is the 
nominal time needed to reach the beginning of the xth spin pad after the 
reference mark is detected. 

Note that equation 4 above explains why spin pads of the present 
5 invention increase in size the further they are placed from the reference 
mark. In particular, it can be seen from equation 4 that the length of the 
spin pad is a linear function of the distance from the beginning of the 
spin pad to the reference mark. 

Once the nominal time span of the spin pad has been determined 
% 1 0 in step 404, the nominal time span is converted into a distance at step 406 

J-f based on a nomdnal head speed. 

% After the length of the selected spin pad has been determined at 

yi step 406, the system determines if there are additional spin pad lengths 

to be calculated at step 408. If there are additional spin pad lengths, the 
2 1 5 next spin pad is selected at step 410 and the process returns to step 402 to 

1=^ determine the nominal time needed to reach the selected spin pad. Note 

fij 

Q that upon returning to step 402 in the second iteration, the nominal time 

needed to reach the second spin pad includes the nominal time span 
calculated for the first spin pad. For example, the nominal time needed 

20 to reach the beginning of spin pad 308 of FIG. 3 includes the nominal 
time span calculated for spin pad 306 in the first iteration as well as the 
nominal time needed to cross pre-data block 370, data block 372, gap 374, 
data block 376 and gap 378. The process of FIG. 4 continues until the 
length of each spin pad has been calculated. At that point, there are no 

25 more spin pads at step 408 and the process ends at step 412. 
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By following the process of FIG. 4, the data sections in most 
distant case 302 are aligned with the data sections in least distant case 
304 such that the end of one data section in most distant case 302 aligns 
with the beginning of a data section in least distant case 304. Thus, the 
end of gap 360 aligns with the beginning of data block 362, the end of 
gap section 385 aligns with the beginning of block section 382, the end of 
gap section 384 aligns with the beginning of block section 386, and the 
end of gap section 388 aligns with the beginning of block section 390. 

In the preceding discussion, the reference mark can be a mark 
used to indicate the beginning of a sector or it could be used to indicate 
the beginning of any section of data including a portion of a sector. In 
addition, the pre-data block areas can contain servo information or may 
be blank. In addition, the present invention does not require the gap 
areas. In disc drives that do not include gaps, but merely include 
consecutive data blocks, the ends of one block in the late case timing 
would be aligned with the beginning of the next block of the early case 
timing after the appropriate spin pad length has been calculated using 
the present invention. 

In summary, a data storage device (such as 100) is provided that 
includes a track having a data layout with a first data section (such as 
372, 374), a second data section (such as 376, 378) and a third data section 
(such as B3, G3). A first spin pad (such as 306) is located between the 
first data section and the second data section and has a first length (such 
as 350). A second spin pad (such as 308) is located between the second 
data section and the third data section and has a second length (such as 
352) that is different from the first length. 
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Under some embodiments, the first length and the second length 
are functions of distances from a reference mark (such as 330). Under 
further embodiments, the lengths are based on a worst case delay (such 
as Ri) in detecting the reference mark. Under some embodiments, a data 
5 section includes a data block and in other embodiments includes a data 
block and a gap. 

A method of determining a length (such as 350) for a spin pad 
(such as 306) is also provided. The method includes determining a 
nominal time period between a detection of a reference mark (such as 
10 330) and the beginning of the spin pad. The nominal time period is then 
used to set the length for the spin pad. 

In some embodiments, the step of using the nominal time period 
to set the length includes multiplying the nominal time period by a rate 
k -k 

factor (such as — ) that is based on a fastest expected speed for a 

K 

15 head and a slowest expected speed for the head. 

A data storage medium (such asl06) has a track layout that 
includes a first data section (such as 372, 374) and a second data section 
(such as 376, 378). The layout also includes overwrite protection means 
for preventing the first data section from overwriting the second data 

20 section wherein the overwrite protection means is based in part on the 
length of the first data section. 

It is to be understood that even though numerous characteristics 
and advantages of various embodiments of the invention have been set 
forth in the foregoing description, together with details of the structure 

25 and function of various embodiments of the invention, this disclosure is 
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illustrative only, and changes may be made in detail, especially in 
matters of structure and arrangement of parts within the principles of 
the present invention to the full extent indicated by the broad general 
meaning of the terms in which the appended claims are expressed. For 
example, the particular elements may vary depending on the particular 
application for the spin pads while maintaining substantially the same 
functionality without departing from the scope and spirit of the present 
invention. In addition, although the preferred embodiment described 
herein is directed to a track layout for a disc drive system, it will be 
appreciated by those skilled in the art that the teachings of the present 
invention can be applied to other systems, like tape drive systems, 
without departing from the scope and spirit of the present invention. 



